4o	MODERN  PUMPING  MACHINERY
5. A moderately high mean piston speed. For average size pumps this
will vary from 250 to 400 ft. per minute, and on long-stroke pumps of com-
paratively slow reciprocations speeds as high as 500 ft. per minute have been
successfully attempted.
The best material to use for valves and valve seats to withstand the
hammer of opening and closing and the erosion of the water is necessarily
a matter of careful study. For this purpose special bronzes are generally
selected for severe duties or good gun-metals for average work. Much
attention has also been given to the material of the valve springs, and india-
rubber is in considerable favour as opposed to steel or bronze.
The mechanical design of a quick-stroke pump requires more careful
treatment than a slow-speed pump. All the inertia forces of moving parts
are, of course, greater and the rubbing velocities are faster at all pins and
guides. Naturally the allowable working pressures on crank pin, crosshead
pin, main bearings, and crosshead guide will be less on a quick-speed pump.
Efficient lubrication becomes of greater importance, and on a high-class
pump automatic lubrication by means of an oil pump or mechanical lubricator
is a necessity.
The horizontal form of pump is customary for the quick-stroke type on
account of its greater rigidity, lower centre of gravity, and larger base for
securing to foundations.
There are several general types of high-speed pumps, and also several
well-known special designs. Fig. 4 represents diagrammatically the general
features of the simplest form of quick-stroke pump. In that form they are
made with double, or generally triple, barrels. Similarly, but with opposed
yoked rams (see fig. 2, #), they are made in double crank units, so composing
a four-barrel pump.
As a single-barrel pump the ram is usually made in two diameters, and
the design modified (on the lines of fig. i, j) to produce a differential or
" plunger and plunger " pump.
Fig. 9 shows several forms of valves as used on quick-running pumps.
The commonest type is some form of ring valve, similar to fig. 5,/ or fig. 9,
a or i, but several special designs of valve have become associated with quick-
revolution pumps. The valve shown at a (fig. 9) has separately seating
rings which can adjust themselves to each annular seat, and should any
foreign matter become lodged on any one seat the one ring only is prevented
from properly closing. Metal to metal faces are used when clean water is
being pumped, but should it be necessary to deal with gritty or dirty water
a special seating material is employed. The valve at b is designed for dirty
water, and here the seat is composed of two materials, a metal ring which
takes the pressure load on the valve and a leather or dexine, &c., strip which
provides an efficient joint even though grit be present. With such valves
it is usual to allow a water velocity of only one-third to one-fourth of the
velocity possible with an all-metal valve.
The valve shown at c is a modification of the well-known " hat-band "
valve* in this case a series of rubber rings carry out the double function of

